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Abstract: On 21 March 2019, a hail process caused by long-life supercell occurred in Zhejiang Province. In
order to study the environmental background and microphysical characteristics of supercell which main-
tained for a long time, we analyze the evolution of this process by using conventional data, Ningbo S-band

dual polarization radar data and hydrometeor classification algorithm. The results show that the high-level
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trough, 850 hPa shear line and the surface cold front provided suitable background for the supercell. The
increase of effective convective potential energy in the storm propagation area, high speed of storm bearing
layer, the similarity of the mean wind direction of the storm bearing layer and moving direction of the
storm, as well as the eastward propagation of the convective storm along the high pseudo-equivalent poten-
tial temperature gradient of surface, and the increase of rotation speed and thickness of mesocyclone pro-
duced by the enhancement of strong vertical wind shear in the coastal area, all these factors are the causes
of making the convective storm maintain for a long time. Through the analysis of the structure of the hail-
storm., the vigorous convection (the maximum reflectivity above 60 dBz, the storm top above 8 km) was
found in the whole life cycle, and three obvious fluctuations in the height of storm centroid appeared, cor-
responding to three hail processes. In this case the vertical integrated liquid water content (VIL) jump in-
crement was lower than the traditional index, but the combination of the vertical integrated liquid water
content density (VILD), the maximum VIL and the maximum reflectivity factor could still indicate the
hailstorm. The analysis of the dual polarization characteristics, suggest that the tumbling of falling hail re-
sulted in the Z,, close to 0 dB, and the difference between horizontal and vertical polarization waves led to
the appearance of large Z,, region at the root of TBSS. The water coated phenomenon made the Z, value
increase and CC value decrease. The polarization parameters Z; and CC could be used to identify hail in

high altitude; Z,, column, near BWER, could not only indicate the ascending motion, but also reveal the

different growth stages of hail cell.
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oA R TR B LR 4 A T B R R K
VILDZ=4 g » m ° H B oK 8 A Fe il K B bl 55 o
% Xk VIL BB VILD=4 g » m° J VIL
SR (60~70 kg » m ), WAEHENEHEKR
F 2 em RKE ARG AR HEX FEZE/NT 2 cm
MIVKEL T VIL KM HA 40~50 kg » m ™, i
DATE I 3 004 vh 28 85 B 20 . JEL ek =R KB i R Y
SREAER D AEREER] VIL A 11~14 kg + m ™ ?
(R BRAG , H TUK L RUBE /DN LB 1 R B AR S48 o (H
2 VILD ik 6 g« m ° A4 VIL it K{ETE 50 kg
m * % DBZM ik 70 dBz EF .78V 45 Wil H VT i 7
FH R s & 7E

x1 ZRES(&e£ AN TRIIESHTL
Table 1 Parameters of three hailstorms in
Jinhua, Taizhou and Ningbo
M X AVIL/(kg+ m™2) VILD/(g+m™®) DBZM/dBz

SR 36~48 6.23 69
ELIPNES 44~55 6.63 70
T T 44~60 6.98 76

4.3 MRIRFFESD

4.3.1 KREH4i

AT R H S B T UK A H R RIS 43 8] B e BE
B A B 47 1E 5 TR 7 B A T) A R s T LA K B )
MRS X0 Pk . LATE OB 5% 6 B0 - A A T R fil A
Zy SATUKE WA 25 A3 i Zo 0 CC, a3y o
i i R 31 KB T X I R o ) e O A R AE
(Aydin et al,1986),

B9 B8 T8 =K 10:40 B 0. 574 /1 Y
ZyZo CC R F A A PN EE R . dent, Z, it
# 3t 65 dBz, i KAl Ik 67. 5 dBz([E 92), Zu AK{EH X

AL T2 X I R 0 S5 /N BC(EL Sy B {EL BT 9b) o H Rz
TR A TR 5 5 AT L AE VKR BT AE XSRS B AR Z,,
(B X 3w e Zo DX B B A B4 (8] 9d) . 98 HL R
RUKETE T RSB m TRERH S S ZoEH
$E3E 0 dB, AHH S [ B vk & 7E T 3% i fl AL . 7 A Ab
HOKER R AL Z 5 . 454 CC a] DLk 3
(K 9¢) » KB FIr 78 X 38, CC {8 B . R R& , B BH it 4k 1)
UK O R A R AEFE IR A A S I K BEY

4.3.2 ZAR#H4FIE(TBSS)

IS EEM R VKR B RO B = A S AR AR
(TBSS), TBSS j&—F i fii 2], 3 B R 7 K vk &
DX P A 1] Sz A G [ 3 DX B8 %) Z,, [0 L AT PR Sy
F 5 KUK 1Y 3643 A AR L 2 55 (Lemon , 1998) .

10:51 Tk 1 5% LI TBSS M4, Z,
S U0 7205 dBz, AE AR [ 3 S 4 55 181 9% (<20
dBz) ff JE K & 3k 15 km, [ & 10b Ml 10c 7] DL &
ML KE X B Zo JLF2H 0,71 TBSS MR Zo A K
{EIX (5.9 dB) 33 2 H T UK 1 H0SH 0 B e 1o B 3
K- P R0 T2 i I I8 1 RS 22 S BT 80 CC A 7
VKL X BB /N A TBSS (AR #8 CC {E T /N0, 22)
I i B 44 R 328 W 0 /N B 171, 3X 5 Kumyjian et al
(2010 H 91y TBSS 114 fif 4 7 AEAH FF (UL & 10 o[
B,

SR o FH T 58 [0 98¢ i 0 5 A 2 5o ek T [ 3B A A
TBSS {1 Z, 55 Il 3 o 388 45 0 3% B 00 OB £ 05 45
2007),09: 04 T Uk B3k 1. 57 fA Z, w8 oL ik
63 dBz, iy HCA P 45 K a] H0, st i Z,, 5 a0 B
A VKEAFAE SR AE Z, 5 P A AR ] 328 i 38 7 7E
KoK T g o PRI G TG ¥ % O3] 02 A5 A7 7E TBSS (1) .
Hl 2 45 A Zo 1 CC 25 4k 2 80, v DLk AT 7
Zo P38 (CC F#MK A TBSS i P& R AE » I i $2 85 1 %
TBSS Wy HEHRRET] .

4.3.3 Z A4

SRR R W] 8 b TS A R T UK 1
A R B 45 B B e = (R T I R =
JE R K 32 25 R G Mok, 2012) . Z kE 2
Xof i XU T B oA L B I R R AR 2 — T BT
B R AT TR R B TR AR AE G SR
2020a;2020b) . F & 11 AT 768 9 PR K ) BWER
WS AR AE Zo SME X (] 11b,11d oo B o 5 B Ak ) o
fift Jr v BE AT 3K 1SS (K2 6.8 km)
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Fig. 9 Z,(a), Zs(b), CC (c¢) and HCA (d) observed at 0. 5° elevation at 10:40 BT 21 March 2019

(black circle: hail area)
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Fig. 10 Z,(a), Z4(b) and CC (c) observed at 1. 5° elevation at 10:51 BT 21 March 2019
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Fig. 11  Z.(a, ¢), Zs (b, d) observed at 0. 5°

T IA 233° 4% 1) i BT W] DL B Z,,
HHS%M? BWER A K [8] 3% 3% 4k (] 122) 4 Zy, >
1 dB X 3 1 f5 At 8 5 BE Al 3k — 20°C )2 (&l 12b)
[FIRAEE CC Bl TR B4 (B 120) , U B I b 77
TEIR A AR T KB IEL TR K,

Bl IE IR s Zo, FE B AR R BE S TR B O T
09:04 PEE R (B 120), HEHMRESEMKT
—10°C , i) Ml TE OE R AR R R, W E TR RS TR
ZoAEJG M BE B T35 176 km &b fF7E Zo HBR Y (&
12¢) .CC IR (E 120 Kk , It TBSS 76 3 B 4%
4 b 1 O P R ALE

FE 5 PR M s R v s Z, B A e 8 e 1
IR L A ] 1 e e A LA v FE AN T G L 40 I T
09:21 1 10:12 K5 K, Zo, >1 dB X I 1 fih &

Y/km

Y/km

dB
—80 5.0
4.0
3.5
—90 3.0
2.5
2.0
~100 L5
1.0
0.7
0.3
~110 0.0

—150 —140 —130 —120
X/km
—80 5.0
4.0
3.5
-90 3.0
2.5
2.0
~100 12
1.0
0.7
0.3
—110 0.0
—150 —140 —130
X/km

2019 4E 3 H 21 H 08:47 iF 0.5°Ca.b) Al 1. 5°Ce. AN A K F TR T (a0 220 R T (b, d)
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IR AH [ B e e 34, LA g g R TR A 23 i T
09:21 A1 10:12 ;5B K, Z >1 dB X i fih &
—20°C 2, b J5 B W T B TR i B 2 eI
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T fi S 1 R AR 2 I R 0 AR M) R 0L
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B2 W e R 1 PR R 1 U Al i B IR RRAE R AT T 40
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Fig. 12 Vertical cross-section of Z,(a, d), Zs, (b, e), CC (¢, ) along the 233° azimuth
at 08:47 BT (a, b, ¢) and along the 232° azimuth at 09:04 BT (d, e, f) 21 March 2019

(1) &8 X L F 76 500 hPa /5 25 ## §7 . 850 hPa
UI)A% 28 B 30 0 b T v B e 00 I I B R S B I
TR SR AT BORE R, A& m 0C
M —20°C )2 N HEAE T &3 1 BB 5510

(2) FF L2 0 B2 S U i 225 3 O 2 AL 3% X A Fa
E RESE A KRR )2 1 B R 5 R G 8% 3 U5 1n)
P R s XU T b v A 22 437 3 A DR A X o)
HRAL I o 3 T XY AR S 3G X v e e 5 5ok
FRIUNE % JEE B 1E el 45 XU A5 DA B ] 4 47

(3) 43 M7 4 A i s R B U R 54 R = IR [

b AR A 7R A < A A X U KR AL TR R G
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